The control system of a guided missile is composed of the missile itself, equipped with an automatic pilot, and a guidance system, which is either on the missile or outside of it. The guidance system measures the missiles coordinates and out of them in addition to the target coordinates creates the control signals for deflecting the fins in such a direction that should result in the minimum deflection of the missile from the required trajectory. The main requirement imposed on the missile autopilot is the transfer of the control signals into mechanical rotation of the control fins. During missile flight, it is necessary to keep the missile's dynamic properties approximately fixed or slowly varying. Thus, any undue changes in the missile's maneuverability can be avoided using feedbacks from the angular speed and from the missile's normal acceleration to stabilize and to improve the dynamic properties of the missile and of the whole control circuit. Therefore, this paper is devoted to investigate the performance of a homing guided missile using the available compensators about that system. Then, a trial is followed to design another compensator or correction networks for enhancing the missile system performance. The performance of the guided missile is measured through the minimum miss distance and the speed of response.
1-Introduction
The underlying missile is a medium range anti-aircraft missile, with a boost phase followed by a sustain phase, and is aerodynamically controlled via two pairs of control wings. It is a single stage missile, but once the solid boost propellant is consumed, the resulting empty chamber is used for a ramjet propulsion system. At the end of boost, the tail section cap is discarded, and the air intake covers are sucked in and expelled out the rear of the missile. The flight sequence is boost followed by sustain followed by a power off portion.
The problem of analyzing and designing guidance law and flight control systems (autopilot) for guided missiles is simply a control problem. The guidance and control system supplies steering commands to control surfaces so as to point the missile towards its target with minimum maneuver. The main loop within the guidance and control process is the autopilot, which is a closed loop consisting of inertial sensors such as accelerometers and/or gyros in addition to control or compensation networks. According to the plane of control action, the autopilot may be called lateral or roll autopilot. One of the main objectives for autopilots is to maintain near-constant steady state aerodynamic gain. In addition, it can be used to reduce the cross coupling between pitch and yaw motions. This cross coupling effect can be regarded as disturbances and the closed loop system should be considerably less sensitive to them.
Three of the principal requirements of a good autopilot are quick response with minimum acceleration error, stability, and robustness. When the autopilot calls for a control deflection to achieve a lateral maneuver, it takes time to move the control surface into the required position against the possible resisting aerodynamic torque and the inertia of that surface. It also takes time for the control moment to move the missile into the required angle of attack for the required maneuver. These factors affect the capability of the autopilot to achieve a quick response.
Generally, it is desired to have a fast response with minimum overshoot so that the maneuver is attained quickly and is of the desired magnitude. Minimum overshoot is practically important at high acceleration levels to avoid exceeding structural limitations, and the minimum acceleration error is necessary for effective guidance. Another important requirement for the autopilot is the stability, i.e. the capability of the missile to return to an equilibrium condition after sustaining a disturbance. This requirement does not impose a requirement of positive aerodynamic stability but rather requires that the autopilot contain sufficient feedback loops to provide an equivalent aerodynamic stability. In addition, the autopilot should provide reasonable attenuation of high frequencies so that it does not respond to high-frequency aero-elastic behavior that can affect the sensor signals nor to noise content in the acceleration commands.
The designed autopilot should handle adequately broad variations of the aerodynamic parameters of the missile configuration i.e. it is robust. This necessitates the aerodynamic description of the missile configuration over the full operating range of altitude, Mach number, angles of attack and sideslip, and control deflections in pitch, yaw, and roll. The accelerometers and gyroscopes that measure the missile dynamics must be placed in positions that permit them to register the complete dynamics of the missile without being too greatly affected by local dynamic behavior. The accelerometers should be placed in positions where the translational vibrations of the body are minimal, while the pitch and yaw rate sensors should be placed where the rotational vibrations are minimal [2] .
2-Guidance System Simulation
Simulation is a process of imitating the behavior of the actual missile system in a stepwise and concise approach. The set of physical equations governing the guided missile motion are solved numerically on computers yielding a flexible and reliable tool for system design and analysis. Once the guidance system is designed, the behavior of different equipments is proved through flight tests from which the data are collected utilizing telemetry systems. These data are then evaluated to furnish an additional aid to the designer of the guidance system. This evaluation process and redesign are carried out utilizing the simulation computers, which are considered main components within the missile guidance system during the design and implementation phases. Thus, toward the objective of this paper a computer code is written within MATLAB environment to simulate the different missile-target engagement scenarios.
Reference Frames and Coordinate Transformations
Due to the nature of the underlying problem and to have a datum for measuring the flight variables, different reference frames should be mechanized. Among these reference frames are the body, velocity, and the ground coordinate systems, as shown in Fig. (1) . The simulation incorporates a simplified earth and gravity model, where a flat, non-rotating earth is assumed as the flight duration is typically less than one minute. Similarly, a constant magnitude gravitational potential acting downward along the local vertical vector is implemented.
The mutual position between different coordinate systems can be expressed using one of three tenuous: Direction cosine, Euler's angles, and Quaternion parameters. The quaternion approach is preferred as it expresses the entries in the array as algebraic quantities rather than as trigonometric functions, which are more time consuming to calculate, and have numerical singularities. Once the matrix is obtained, the different flight variables are transformed from the parent coordinate system to the specified inertial reference coordinate system, yielding the correct quantities that can be used together in guidance calculations. The launch parameters are used to define the orientation of the missile coordinate systems relative to the earth reference system in the form of initial quaternions. 
Dynamics of Missile Motion
The missile flies in space under the effect of thrust, weight, and aerodynamic forces. The action of these forces has a certain effect on the shape of the missile trajectory. The change of missile velocity (V.) direction is performed with the help of aerodynamic forces in the atmosphere. To quantify these changes and clarify the missile performance during its flight, the equations of motion are derived by applying Newton's laws of motion, which relate the summation of the external forces and Proceedings of the 10th ASAT Conference, 13-15 May 2003 Paper GN-9 1034 moments to the linear and angular missile accelerations. Toward this objective, an inertial reference frame is defined and utilized during the computation/guidance process [13] .
The engine thrust is determined by means of reaction forces due to the I action of the exhaust upon the atmosphere. It is usually distributed into axes of the body coordinate system with the main basic component lies along the longitudinal axis of the missile [12] . For the underlying system, the first flight stage is powered by a solid propellant booster, and the second portion of the flight is powered by a ramjet engine. The thrust profile was portrayed with ramps and constant functions as shown in Fig. (2) .
The Aerodynamic force is usually distributed into axes of the velocity coordinate system, which are related to the direction of the missile motion. The components of this force are resolved along the missile body axes as and . These force components create aerodynamic moments owing to the '040 fact that they do not pass through the misalignment, a thrust moment will be created and should be taken into consideration. Toward the objective of the paper, a 6DOF model is built and simulation is 2000 -1. 00,0 0000
".° conducted using the above data One of the engagement scenarios is Fig. (3) : Missile -Target engagement scenario considered as the nominal case, in which the target maneuver was about 3g away from the missile. In addition, the maneuver start-time is early so that the missile could follow the target easily. The obtained flight paths for the target and missile are shown in Fig. (3) .
3-Missile Control System
The missile control system is used to control the missile by executing the guidance commands and to correct its trajectory through control surfaces deflections. The underlying system consists of three channels; pitch channel, yaw channel, and roll channel. Each channel consists of linear accelerometer, damping gyro, shaping circuits, and the control fin drive system. The electrical signals are amplified and conditioned within the control loop of each channel, where the control surfaces deviate in the direction that interlocks the input signal. The control system performance of the underlying missile has been investigated through its structure and aerodynamics transfer function.
Control System Structure
Many different guidance laws have been exploited based on various design concepts over the years. The most popular guidance laws involve LOS rate guidance, which is referred as proportional navigation guidance (PNG). That is, guidance commands proportional to the LOS angle rate are used to correct the missile course via the guidance loop. Generally, the flight control system used in homing missiles is a threeloop autopilot, including a rate loop, an accelerometer, and a synthetic stability loop [61.
The underlying system autopilot consists of three channels used to control the missile attitude and attitude rate in pitch, yaw, and roll planes in addition to acceleration control system in pitch and yaw planes. Both pitch and yaw channels in the control system have the same structure, as shown in Fig. (4) . It is clear that the transfer dynamics of the missile airframe should be available for autopilot analysis and design.
The proportional navigation guidance law is considered in which, the rate of change of missile velocity direction is proportional to the rate of change of the missile-target line of sight (LOS) as follows [21:
where: y is the flight path angle, and a is the line of sight angle, and N is a design constant greater than unity and is defined as the navigation gain. The seeker antenna detects the angle between the LOS and the antenna axis (radar antenna error angle (e)), and the radar receiver produces an output voltage (VR), proportional to this angle which has the form VR=KR c, with KR representing the gain of seeker receiver. Due to the geometry shown in Fig. (5) , the antenna position, the line of sight, and the antenna axis are related by the following equation: c=6-(0+X) (2) where: 0 is the angular position of longitudinal axis, and A is the angular orientation of radar antenna axis w.r.t. the missile longitudinal axis. 
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Ideally, the antenna can be rotated such that its angular velocity (9+2) is proportional to the radar receiver output voltage VR i.e. (3) where K is the receiver gain. The algebraic manipulation of the above relations yields the following transfer dynamics:
where: T R = 1/(K KR ) is the receiver time constant. Thus, the radar output voltage is proportional to the rate of rotation of the line of sight but with a time lag inversely proportional to the seeker gain (KKR). Large values of this gain yield small lag and consequently the antenna is closely tracking the target. Assuming that the antenna axis is accurately pointing to the target i.e. e = 0, consequently a = KV R where 1/K =0.45 Nga,n and Nga,r , is dependent on the variation of the closing velocity (Vc) as follows [14] :
The guidance command is generated by adding the seeker rate gyro output to the seeker tachometer output. This guidance command is a voltage describing the required normal acceleration for the missile to follow the target and it is limited to the maximum missile maneuver. The generation sequence of guidance commands is shown in Fig. (6) , where the pitch (yaw) command is generated according to the following equation: np, = A (&,, / k + F2) (6) where: 1/k = , F1 =0.45, F2= 0.033, and A= 10. 
Aerodynamic Transfer Functions
Investigating the performance of the missile guidance and control system necessitates the determination of the missile airframe dynamics in the pitch and yaw N, planes. The two planes are similar, and consequently one plane is considered for the subsequent discussions. In addition, the perturbation approach z, is used to linearize the guidance equations around certain trim conditions. 
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Applying Cramer's rule [7] to solve these equations for 0(s) , a(s)and n z(s), the following missile airframe transfer functions in pitch plane are obtained as follows [10] :
Uo s+ a(s) N,
The aerodynamic characteristics of the missile vary during its flight due to the change of missile speed, incidence angles, missile mass, moments of inertia, altitude, etc. Thus for each instant there is different transfer function describing the aerodynamic characteristics of the missile. That is for evaluating those transfer dynamics, a certain engagement scenario is considered and different instants related to the Mach number are chosen [8] . The step response for the aerodynamic characteristics of the missile airframe at t=6 sec, and M=1.9635 due to wing deflection is shown in Fig. (8) . This figure shows the small damping ratio in addition to the small static stability of the missile. Thus, it is necessary to include an autopilot for improving the dynamic stability of the system, which designed and analyzed in the following section. 
4-Control System Design and Analysis
During the sustain phase, both fin and wing channels are active yielding the coupled system operation as shown in Fig. (9) . Therefore, this section is devoted to investigate its performance in addition to any required designs for enhancement. The fins are used to generate and control the attitude-rate because of their physical location on the missile. In addition, the deflection of fins causes the missile to accelerate as well. This acceleration must therefore be combined with the acceleration caused by the deflection of wings. Similarly, the wings are used to provide the dominant missile lateral acceleration. The distance from the wings hinge line to the center of mass is a moment arm and indicates that wing deflections will also cause the missile to rotate around its center of mass generating an angular rate. Thus, an accurate description of the missile rotational motion requires that the angular rate due to wings deflection be summed with that generated by the deflection of fins. The system response for a unit step input is shown in Fig. (10) , where the system is relatively slow stable with rise time of about 1.75 sec. This nature of response is not required in high maneuver missiles [10, 12] . Therefore, a Proportional-Integral-Derivative (PID) compensator circuit is used to enhance the system performance, and it is tuned with a trade off technique yielding the following form:
where : Kp=3.329, K1=0.0591, and K0=0.54. Then, the system response to a step 72 command is shown in fig. (11 Step response of missile autopilot at t=6 sec with ND 4 3.5 3
Step response of pitch channel autopilot at to 6 sac The new system is much faster than the original one, and with less miss distance of about 58%. The two engagement scenarios are plotted together with zooming to clarify the difference between them as shown in Fig. (12-b, 12-c) .
5-Conclusions
This paper presented a brief description for the 6DOF model of the underlying guidance system and its utilization for subsequent design and analysis. Numerical implementation with different engagement scenarios and the known guidance method, toward which a linearized model for the missile airframe dynamics is developed. The approach utilized in analyzing the missile control system was initially to investigate the two channels of control independently (decoupled) including the forward (wings) acceleration control system and the rear (fins) attitude/attitude-rate control systems. These two control systems are coupled through the airframe dynamics. The step response of the coupled system showed a stable system but with a very large settling time, which is compensated with a PID controller. The robustness of this controller, is justified via the 6DOF simulation model where the miss distance was decreased with about 58%.
